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ABSTRACT

Tth-rééorT is a summary of material and process develop=-
men*’workvdone by Douglas Aircraft Company as a part of the
Saturn S-1VB program from | June 1963 to | December 963,

The report con*ains‘a description of work initiated during
+his report period as well as new data concerning work not
completed during the last report period. Progress was made

in the evaluation and development of (l) non-processed and
processed materials designated for specific.S-IVB applications,
(2) production processes and process improvements, and (3)

protective packaging.
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INTRODUCTION




- | CORMBIDENTIAL

Section |

I NTRODUCT [ ON

~

l.1 PURPOSE

This is the secona Saturn S-1VB Materials and Process Development

Report compiled in accordance with contractual requirements for

a semiannual summary report covering work done by Douglas Aircraft

Company in .the area of material and process development pertaining

to the Saturn S-1VB.
1.2 SCOPE

Information is presented within the report concerning work performed
toward the deVelopment of processing materials, processes, and pra-
tective packaging for the Saturn S-1VB during the period from | June

1963 to, | December 1963.
1.3  PLAN OF REPORT

Each topic contained in the report is presented as an entity. Topics

are grouped.wifh respect Té the particular area of materials and process
dévelopmen*, i.e., non-processed materials (Section |l), processed
materials (Section Ili), process development (Section IV), and protective
packaging (Section V), [llustrative matter and conclusions are presented

at the end of each topic when the nature and status of ‘the work so warrantsy




.4 SUMMARY OF REPORT

A summary statement covering each topic discussed in Sections |l through

V is presented in Table | - | for convenience.

. ' ., “ ' W#i ’i‘




TOPIC

2.'

3.2
3.3
3.4.
3,5
3.6

3.7
3.8

3.9

TABLE | - |
SUMMARY STATEMENT

STATEMENT !

The distance of cast A356~T6 aluminum test plates from

the end chill was found to have a direct effect on complete
reversal fatigue strength with a pronounced change in the
rate of decrease in Ftu at approximately eight inches from
the end chill.

Narmco 7343/7139 polyurethane adhesive paste exhibited
greater tensile shear, T-peel, and tensile strength at
cryogenic temperatures than Lefkoweld 109/LM-52 during
testing of several new adhesives.

L}
A new foaming technique for splicing honeycomb core was
evaluated and found to be unsatisfactory.

Polyurethane sealants proved to be slightly more satis-
factory at cryogenic temperatures, except for lap shear
strength and flexibility, than silicone sealants in
recent comparison tests.

Studies are in progress to determine the effect of weight

loss in sealants due to outgassing in high vacuum environments

and to find sealant materials suitable for high vacuum use.

The physical properties of PR-1960 silicone sealant were
found to be adequate for use where superior tear strength
is needed.

A room temperature vulcanizing silicone sealant and primer
were found adequate for use as & faying surface seal between
the tunnel and tunnel sealing plate.

PR-1938 silicone sealant was determined to be suitable for
use without a primer at cryogenic ftemperatures.

Three heat shrinkable tubing materials were tested and found
sultable for use as insulation.

Epoxy base inks were determined to be the most suitable for
use -in marking printed wiring boards for identification.

PAGE

18

38

44

53

54

57

60

64

67



TOP|C .-

3.10

3.12

4.2

4,3

4.4

4.5

| ACONFIBENTIAL

TABLE | - | (Cont'd)

STATEMENT Page

Solderless wire wrap connectors were tested and found
sultable for use in Saturn S-|VB ground support equip-
ment, 71

Various cross=-linking agents were tested in ET-9 epoxy
polymer In an unsuccessful attempt to improve its
flexibility for cryogenic use. 74

A butyl compound with adequate bond strength for applli-
cation between the oxidizer tank and attitude control
system is being developed, 76

Several materials exhlbited excesslve deterloration
when tested in NpO4. 78

0-ring materials have been selected for high vacuum

low temperature tests in an effort to improve the
reliability of the actuator seals in an outer space
environment. 80

Severa| materials were tested and determined to be com-
patible with liquid oxygen. . 82

A vacuumatic brazing process was determined feasible for
use as a back up method in fabrication of Saturn S-|VB
cold plates. 86

Fractographic and microscopic studies of weld structure
In tensile specimens containing shallow cracks are currently
in progress.

Overaging of welds was determined Impracticable as a method
of improving ductility at cryogenic temperatures; reduction
of Iron content In the weld deposit gave inconclusive results. 90

The D.C. TIG welding process has been certifled and is
currently being used for fitting=-to-dome production welds. 94

The D.C. TIG process |s being evalua+ed for use in weldlng
aluminum butt Jolnts. 99




4,7

4,8

4.9

4.14

5.1

TABLE | -~ | (Cont'd)

STATEMENT Page

Shielding gases of* various compositions are being eval-,
uated for use with the automatic MIG welding process to
improve Saturn S-1VB production welds. 100

The electron beam welding process was determined to be
feasible for production welding of common bulkhead 'T"
extrusions. ; 102

Studies are belng made to devalop an electron beam welding
process for production welding of through-bulkhead feed
through round flange receptacles. . 106

Tests made with an automatic cooling and fluxing system,
for use with the flowsoldering process In soldering
printed wiring boards, show ‘the system to be satisfactory. 109

The Saturn S-1V molded cable marking machine was successful ly
adapted for marking Saturn S-|VB molded cable assembl fes. 114

An efficient sprayer assembly configuration was developed for
cleaning the interior of the hydrogen tank, 115

A new edge design and method of fabrication were developed
for the manufacture of the bulge forming bag. 116

A vented type of honeycomb core was found to compare

favorably with the core type presently used in the common

bulkhead and will be tested to determine the feasibility .

of Its use to eliminate the possibility of trapped hydrogen

In tThe core material of the common bulkhead. 118

Studlies are in progress to determine acceptable tolerances
In MIG welding parameters and optimum machine settings for
common bulkhead and dome meridian Joints as well as other
production weld Joints. - 120

" An abraslon reslstant material, consisting of two-ply nylon

fabric coated with neoprene, is in the process of development
for use as a protective cover over the Saturn S5-1VB during
fransporf. 124
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S CONFIDENTIAL:

SECTION 11

STUDY AND DEVELOPMENT OF
NON - PROCESSED MATERIALS

Studies conducted to evaluate non-processed
materials for use in the Saturn S-1VB are
summarized in this section.




2.1.3 Test éésuifs

The results of tensile testing are listed in table 2-2. The ultimate
tensile strength (Ftu) and ductility (per cent elongation) decreased
as distance from the end chill increased. A pronounced change in the

rate of decrease was noted approximately 8 inches from the end chill.

Complete reversal fatigue strength test results are listed in table 2-3.
The complete reversal fatigue strength decreased as distance from the end
chill increased. The rate of decrease was most pronounced at distances

greater than 8 inches from the end chill.

The specimen plates from which the test coupons were taken all showed
a progressive increase in radiographically visible discontinuities as

distance from the end chill increased.
2.1.4 Conclusions

The decrease in complete reversal fatigue strength is apparently related
to the decrease in ultimate tensile strength. The pronounced change in
rate of decrease apparently results froﬁ a change in the solidification
pattern at approximately é inches from the end chill. The pronounced
reduction in complete reversal_féTigue strength occurs after the mefal‘has
remained at or above the eutectic (IC65°F) for, roughly, 300 seconds

during the ‘progressive solidification process (see table 2-4).




TABLE 2-1

COMPOSITION OF A356-T6 FATIGUE STRENGTH TEST COUPONS*

ELEMENT COMPOSITION
(PER CENT)

SILICON 6.9
MAGNE SIUM ' 47
TITANIUM : 2
IRON ALl B
BERYLLIUM ; .05

ALUMINUM REMAINDER

*DETERMINED BY SPECTROGRAPHIC ANALYSIS
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. TABLE 2-2 :
TENSILE PROPERTIES OF-A356-T6 CAST ALUMINUM AT VARIOUS
DISTANCES FROM THE END CHILL

PLATE B COUPONS -» PLATE E COUPONS
DISTANCE : : :
FROM CHILL FTU* FTY* ELONGATION** FTU* FrY® ELONGATION**
(INCHES) . - (KSI) (KSI) (%) (KSI) (KSI) (%)
0.5 = 50.6 36.7 13.5 49.7 35.2 15.0
1.0 . 50.4 37.3 12.5 48.8 35.8 11.0
1.5 43.8 36.0 11.0 49.5 36.1 10.0
2.0 49.3 36.6 10.0 - = o
25 - - 47.9 34.1 9.0
3.5 e S 47.1 34.7 8.0
o 4.0 47.0 359 | 6.0 e —
g 5.5 = —— 446 34.2 . 45
g 6.0 45.5 35.5 40 SRR T
J.5 weeee St T 42.2 34.2 2.5
’ 8.0 43.3 35.0 3.5 e e e
9.5 P — 34.1 30.8 1.0
10.0 37.4 32.9 1.0 - e —
10.5 e - e 35.2 31.8 1.0
11.0 34.5 33.7 0.5

= *FTU=ULTIMATE TENSILE STRENGTH
FTY = YIELD STRENGTH; 0.2 PER CENT OFFSET
** MEASURED BY FIT-BACK, GAGE LENGTH = 2 INCHES



TABLE 2-3
COMPLETE REVERSAL FATIGUE STRENGTH OF CAST
A356-T6 ALLOY AT VARIOUS DISTANCES FROM THE

END CHILL
DISTANCE PLATE MAXIMUM MEAN ULTIMATE CYCLES
FROM CHILL STRESS STRENGTH T0
(INCHES) (KSI) (%) FAILURE
) 35.0 70.0 6,500
G 30.0 60.0 : 26,800
C 25.0 50.0 38,850
0.5 D 25.0 50.0 86,300
H 20.0 40.0 219,150
A 2.0 40.0 223,400
F 15.0 30.0 1,064,500
I 35:0 70.4 5,300
. G 30.0 60.4 30,800
1.0 D 21.5 55.3 53,400
J 22.5 : 47.3 C 152,500
F 17.5 35.2 243,400
H 17.5 35.5 389,400
L5 G 17.5 35.5 217,700
| 35.0 71.4 4,800
C 21.5 56.1 55,500
H 25.0 51.0 59,300
2.0 F 22.5 4.0 121,300
E 20.0 40.8 174,400
D 17.5 35.7 539,400
G 15.0 30.6 419,000
H 35.0 72.8 3,200
I 35.0 72.8 2,400
C 30.0 62.4 29,450
F 21.5 5.2 43,000
3.0 A 25.0 52.0 51,400
E 22,5 4.8 129,200
J 20.0 41.6 140,400
B 17.5 3.4 169,200
) 15.0 31.2 381,700
G 15.0 312 332,700
| 25.0 52.5 32,000
F 22.5 47.2 91,400
3.5 D 2.0 12.1 153,800
H 17.5 34.6 432,700




TABLE 2-3 (CON'T)

MEAN ULTIMATE

. DISTANCE |- PLATE MAXIMUM CYCLES TO
FROM CHILL STRESS STRENGTH FAILURE
(INCHES) (KSI) (%)

4.0 A 15.0 317 319,700
I 35.0 74.9 2,200

E 30.0 64.8 13,000

D 21.5 58.7 19,400

4.5 G 25.0 53.4 28,900
B 22.5- 48.7 72,500

J 20.0 42.8 108,900

H 17.5: 3.5 234,800

I 35.0 75.8 1,100

J 30.0 65.0 8,200

E 25.0 56.3 35,250

5.0 H 2.5 48.0 47,000
: (i 2.0 433 114,800
A 17.5 31.9 110,500

B 15.0 32.5 322,700

B 35.0 78.7 2,100

F 30.0 67.4 7,000

J 25.0 56.2 2,100

6.5 H 22.5 50.5 34,300
C 20.0 449 57,800

A 17.5 39.3 221,900

G 15.0 33.7 169,000

l 35.0 82.9 600

H 30.0 71.0 2,400

F 25.0 59.2 9,200

8.0 D 25.0 - 59.2 23,400
A 22.5 53.3 27,450

C 2.0 47.4 60,000

J 17.5 41.5 129,800

G 15.0 35.5 129,000

A 35.0 85.0 350

D 30.0 72.8 2,600

B 2.5 66.7 8,200

8.5 E 22.5 54.6 9,100
G 2.0 48.5 37,900

C 12.5 42.5 87,700

H 15.0 36.4 204,500

| 12.5 30.3 604,800

FRRRTN 7 STL A NS
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TABLE 2-3 (CON'T)

et

DISTANCE PLATE MAXIMUM MEAN ULTIMATE CYCLES TO
FROM CHILL STRESS STRENGTH FAILURE
(INCHES) (KS) (%)
D 35.0 87.5 S0
G 35.0 81.5 100
C 30.0 750 1,700
| 21.5 68.75 2,000
9.0 F 25.0 62.5 13,000
H 2.5 5.25 11,500
E 20.0 50.0 37,200
A 17.5 43.75 80,600
J 15.0 31.5 199,700
B 12.5 31.25 159,800
C 35.0 90.2 150
D 30.0 7.3 1,650
9.5 B 2.0 64.4 5,300
! 22.5 58.0 11,000
H 17.5 45.1° ' 51,600
F 15.0 38.6 132,000
I 35.0 93.3 50
C 30.0 80.0 100
H 21.5 73.3 700
A 25.0 66.6 3,500
10.0 D 22.5 60.0 11,800
E 20.0 53.3 10,900
F 1.5 4.7 68,700
G 17.5 4.7 47,400
) 15.0 40.0 81,100
F 30.0 82.6 300
H 25.0 68.8 2,100
105 C 22.5 62.0 1,200
; G 2.0 55.1 11,600
B 17.5 48.2 69,900
D 15.0 31.3 82,500
H 35.0 0007 5 e B s
c 2.0 85.7 100
G 25.0 714 2,100
11.0 A 2.5 64.3 8,450
| 20.0 57.0 18,900
) 17.5 50.0 43,500
F 15.0 42.8 9,700
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TABLE 2-4
EFFECT OF COOLING RATE ON COMPLETE REVERSAL FATIGUE STRENGTH
OF A356-T6 ALUMINUM ALLOY
folicion ; DISTANCE MEAN TIME TO TIME REMAINING - CHANGE IN STRENGTH
& GROUOP FROM CHILL REACH 1065° AT 1065°F PER LOG CYCLES
e (INCHES) (IN SECONDS) (IN SECONDS)
PS| PER CENT
[ 0.5 T0 2.0 ) 0 -962 -19.3
I 3.0T0 45 175 10 ~907 -19.3
1 5.0 70 6.5 2% X -889 -19.6
v 8.0709.0 30 100 ~706 -17.4
v 9.5T0 11.5 230 190 -569 -15.4




SECTION 111 .
STUDY AND DEVELOPMENT OF
PROCESSED MATERIALS
This section contains a summary of investigation
and tests performed to develop processed materials
for use in the Saturn S-1VB program during the

current report period.




3.1 EVALUATION OF NEW HIGH PEEL ;.DHESI\‘/ES FOR BONDING- THE

* COMMON BULKHEAD :
The adhesive systems presently used for bqndinq the common bulkhead of
the Saturn S-1V are HT :424/'HT 424B epoxy-phenolic (made by Bloomingdale
Rubber Company) and Lefkoweld~l09/LM 52 moditied epoxy (Lefkoweld Chemical
Co.). Although these adhesfves are capable of funcfioniﬁg at cryogenic
temperajures, it is desirable to find an adhesive with greater peel strenath
for usé—in bonding cryocenic areas.of the Saturn S-|VYB common bulkhead. An
evalqa+ion program was initiated durina the last report period (see issue number
one of ‘this report) in order to study the bonding characteristics of several

nev, commercially available adhesive systems (see Table 3-1).
3.l siApproach

The work was divided into two phases. Fhase | consisted of tests de-
signed To eliminate all but the most suitable meterials. Phase |l consisted
of comparison testing of the most suitable materials wi{h HT 424/HT 4248

and Lefkoweld 109/LM 52.

3.,1.2 Phase | Evaluation

Two types of adhesive systems were selected for Phase | testing:
a. Room femperature (RT) curing, two component pastes

b. Structural adhesive films havina a maximum cure temperature
of 350°F

The materials selected and the manufacturers are listed in Table 3-]|.



Specimens

tests:

Specimens

ing tests:

ICBREIBENTIAL

of each of the RT curing pasTes’were sub jected to the followina

Tensile shear (2024-T6 clad aluminum sheet) ‘ ST
T-peel (2024-T6 clad aluminum sheet) bt o
Tensile strenath (one inch diameter, cylindrical alumfnum i
buttons) ' ]

g

of the 350°F curing adhesive films were subjected to the follow=
Tensile shear (2024-T6 aluminum sheet)

T-peel (2024-T6 aluminum sheet)

Tensiie strength (one inch diameter, cylindrical aluminum buttons)
Thermal shock (aluminum and Teflon, TFE, bondized)

Climbing drum peel (2024-T6 aluminum, Heat Resistant Phenolic

(HRP), and aluminum core)

3.1.2.1 Test Results

55 a result of Fhase | testing, the following adhesives were selected

for Phase
a'

b.

16

|| comparison studies:
EC 2216 B/i modified epoxy adhesive paste system (RT curing)
Narmco 7343/713%9 polyurethane adhesive paste system (RT curing)
AF 300 modified epoxy adhesive fabric (350°F maximum cure)

FM 1000 nylon-epoxy adhesive film (350°F maximum cure)

Met |bond 400 adhesive film (350°F maximum cure)




3.1.3 Phase |l Evaluation K

The RT curing pastes selected from Phase | were compared with Lefkoweld
109/LM 52 by the following tests:

a. Tensile shear (-423°F to +250°F)

b. T-peel (-423°F to +250°F)

c. Tension, sandwich specimens (-423°F to +250°F)

d. Creep and fatigue (-320°F and RT)

The 350°F curing adhesive films seleéfed from Phase | were compared with
HT 424 /HT 424B by the following tests:

a. Tensile shear (-423°F to +250°F)

b. T-peel (-423°F to +250°F}

c. Tension on HRP core (-423°F to + 250°F)

d. Climbing drum peel (HRP and aluminum core)

e. Creep and fatigue (-320°F and RT)

f. Flexural shear (HRP core)

3.1.3.1 Curing of specimens

All of the adhesive films were cured in an autoclave with a pressure of

50 psi. The temperature was raised from ambient to 350°F in 30 minutes

and held at that temperature for one hour. All of the pasfes were cured
for a minimum of three days at room temperature under a load of 2 1/2

pounds per square inch.

17



L

3.13.2 Test Procedures

: »
Normal test procedures were followed whenever possible. A large dismeter,
vacuum jacketed test cryostat was fabricated for the evaluation ‘of normal

T-peel and climbing drum peel, using standard sized quﬁimens.{_7 

Tensile shear tests were conducTed‘in a2 Baldwin tensile Tesfiné 6a¢hine,
using a load rate of 1200 to 1400 pounds per minute until failure of the
specimen occurred. T-peel specimens were pulled in a testing jig using

& jaw separation rate of 20 to 24 inches per minute at RT and +250°F.

At -423°F, the joaw separation rate was 5 |/2 inches per minute. Climbing
drum peel tests were performed as outlined in MIL-A-25463, Tensile speci-
mens were subjected to three temperature cycles, each consisting of 15
minutes at -65°F followed by 15 minutes at +160°F. Loss of adhesion

was determined visually. Creep test specimens were loaded to 500 psi in
a compression type, creep testing jig and tested at RT for 192 hours;
-320F for 24 hours. Fatigue tests were performed under a load of 1800
psi using 1000 cycles per minute until failure. The sandwich tensile
specimens were l|oaded in tension at the rate of 400 pounds per minute
until failure. For RT flexural shear testing, the load was applied at
midpoint over a six inch span at Tﬁe rate of 1200 pounds per minute. At
-423°F, the load was applied so that faildre would occur in two to three

.

minutes.




3.1.3.3 Phase |l Results

The tensile shear, T-peel, and.sandwich tension results at -423°F to +250°F,
for the RT curing pastes in comparfson with Lefkowéld 109/LM 52, are con-
tained in Table 3-2. Figure;S—l is a graphic comparison cof tensile snhear
results. Results of creep and fatigue studies of the same materials are
listed in Table 3-3. Tensile shear, T-peel, and HRP core tension results
from -423°F to +250F, for the 4350°F curing films in comparison with

HT 424/HF 424B are contained in Table 3-4 (see also Figures 3-2 and 3-3).
- The results of climbing drum peel studies of the same adhesives on HRP
and aluminum co;e are listed in Teble 3-51 Results of creep and fafjgue
tests at room temperature and -320°F are listed in Table 3—6: ‘fabfe 3-7
conféins the results of flexural shear Tesfing-of sandwich specimens.

.

1 :h

3.1.4 Conclusions

. Narmco 7343/7139 room temperature curing, two componenT‘pasfe exhibifed

.4
.

areater tensile shear, T-peel, tensile strength, sandwich tension, @nd
a

resistence to thermz| shock than Lefkoweld 109/LM 52 ¢t cryogenic temper-

atures. Tensile shear and sandwich tension at room Tempera%ure were
below the velues for Lefkoweld 109/LM 52. The Nermco paste @lso exhibited
more creep at both room temperature and -320°F. HT 424/HT 424B showed
higher vzlues than either AF 300 or FM 1000/BR 1009-49 for T-peel, core
tension, and climbing drum peel at cryogenic temperatures. The tensile

shear strength, however, wes lower.,




The results obtained with the 350°F curing films are based on an optimum
cure temperature rise rate of approximately ten degrees per minute. The

HT 424 film flows and cures at a lower temperature than FM |000 and AF 300,

No further evaluation of adhesives for bonding the common bulkhead is

contemplated at present.
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TABLE 3-2 ,
PROPERTIES OF RT CURING PASTES
TENSILE SHEAR IN PSI

LEFKOWELD EC2216 NARMCO THIXOTROPIC
TEMP 109/L M52 B/A 7343/7139 7343 (EXP)
& SHEAR FAILURE* | SHEAR |[FAILURE*| SHEAR. | FAILURE* | SHEAR |[FAILURE*
-423 2,385 A 2,438 A 7,982 C 7,888
-320 2,675 A 2,740 . A 7,157 C 7844 | A
-100 3,174 A 2,930 A 5,758 C 7,152 AC
RT & 3,418 C 2,297 c 1,510 ¢ 1,890 A
+180 368 C 580 C 386 A 488 A
+250 234 C 492 C 426 A 313 A
*A= ADHESIVE FAILURE
C= COHESIVE FAILURE
T-PEEL IN POUNDS PER INCH WIDTH
LEFKOWELD EC2216 NARMCO THIXOTROPIC
Seup © 109/LM52 B/A 7343/7139 7343 (EXP)
°F PEEL FAILURE* | PEEL | FAILURE* | PEEL | FAILURE* | PEEL FAILURE*
. 70% C
-423 3.6 A 6.2 30% R 80.4 AC 63.6
-320 3.0 e e 62.0 32.3
~100 3.1 C 2.6 C 32.2 A 21.9
RT 3.6 C 4.8 C 73.0 A 47.9
+180 2.4 ¢ 4.7 AC 33.0 A 17.7
+250 2.9 C 3.0 C 16.3 A 13.2

*A = ADHESIVE FAILURE
C = COHESIVE FAILURE




TABLE 3-2 (CONT'D)

SANDWICH TENSION IN PSI-HRP CORE

TEWP LEFKOWELD 109/LM52 " EC2216 B/A NARMCO 7343/7139
oR TENSION FAILURE* | TENSION | FAILURE* | TENSION | FAILURE*
423 189 AF 2% AF 423 F

~320 220 AF 282 AF 422 F

~100 275 AF 258 AF 382 F

RT 21 F 180 F 164 F

+180 94 F 62 AM 120 F

+250 38 | AF % AM 67 ;’é’; ;‘M

*AF = PARTIAL ADHESIVE FAILURE TO FOAM

F

= FOAM

AM = ADHESIVE FAILURE TO METAL
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TENSILE SHEAR SYRENGTH (PSI)
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ACTUAL CREEP IN INCHES*

TABLE 3-3
CREEP AND FATIGUE IN RT CURING PASTES

PRTa TEMPERATURE (°F)
RT -320
LEFKOWELD 109/LM52 3.4 X 10-6 3.0X10°8
EC2216 B/A 10.4 X 10-6 2.5% 108
NARMCO 7343/7139 95.0 X 10~% 128 X 10°8
*500 PSI COMPRESSION
FATIGUE STRENGTH IN CYCLES TO FAILURE*
LEFKOWELD EC2216 NARMCO
TEMP 109/LM52 B/A 7343/7139
of
VALUES FAILURE VALUES | FAILURE VALUES FAILURE
2,940 BOND 150 BUNDa [ - cemiats WILL NOT
RT 3,850 BOND 300 BOND | oo SUPPORT 1,800
4,200 BOND 400 BOND A PSI AT RT
c o 1500 POORBOND 100 BOND 1,000,000 NONE
=30 | e ALIGNMENT| 100 BOND 1,000,000 NONE
604,100 ALUMINUM 200 BOND 1,000,000 NONE

*1,800 PSI — 1,000 CYCLES PER MINUTE
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TABLE 3-4 (CONT'D)

HRP CORE TENSION IN PSI*

TesT i SRl ces g

il TENSION | FAILURE** | TENSION | FAILURE* | TENSION | FAILURE** | TENSION | FAILURE**

oy 1,306 c 23 CF 9 c 20 c

-320 1;219 492 30% C 354 c 39 c

70% HRP

-100 1,226 90% C 626 20% C 370 c 01 C
10% HRP 80% HRP

RT 743 90% C ikl CORE 333 90% C 4% c
10%HRP 10% HRP

+180 556 80% C 89 C-HRP 68 A 160 80% C
20% HRP 20% HRP

+250 543 ¢ 19 ¢ 56 A 68 - c

*3/16 INCH CELL, 4 MIL CORE 1/2INCH THICK

**A= ADHESIVE FAILURE
C= COHESIVE FAILURE
HRP = CORE FAILURE
CF=CORE TO FACING FAILURE




TENSILE SHEAR STRENGTH (PSI)
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PEEL IN POUNDS PER INCH PER INCH WIDTH

CLIMBING DRUM PEEL.AT VARIOUS TEMPERATURES. -

(ADHESIVE FILMS)
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TABLE 3-6
CREEP AND FATIGUE IN 350°F CURING FILMS

ACTUAL CREEP IN INCHES*

TEMPEPATURE
ADHESIVE
RT ~320°F
HT424/HT4248B ; 10.2 X 10°¢ 2.58 X 10-8
FM1000/BR1009-49 26X 10°¢ 2.29 X 108
AF300 41%10°° 2.75% 1078

*AVERAGE OF 3 SPECIMENS

FATIGUE STRENGTH IN CYCLES TO FAILURE®

HT 424/ ~ FM1000/ AF300/
TEST HT424B " 'BR1009-49 EC2254
TEMP :
CYCLES FAILURE CYCLES FAILURE CYCLES FAILURE
4,550 BOND 186,250 METAL #8800 |, METAL
RT 2,175 BOND 223,100 METAL 208,900 METAL
4,900 BOND 254,400 METAL 282,400 METAL
575,600 BOND 283,900 METAL 100,000,000 NONE
-320 516,350 BOND 211,200 METAL 100,000,000 NONE
319,300 BOND 231,30 METAL 100,000,000 HON

*1,800 PSI - 1,000 CYCLES PER MINUTE

=

(s
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3.2 EVALUATION OF FOAMED BUTT JOINTS ‘

The foaming material presently used to splicelfhe honeycomb core foam
insulation for the Saturn S-IVB common bulkhead is HT-424, Type |, two
component epoxy-phenolic (made by Bloomihgdale Rubber Co.). Present foam-
ing technique requires that the splice be cured seperately from the two
core-to-facing bonds of the sandwich structure. An inQesTigaTion was
initiated to evaluate other materials and foaming techniques in an effort

to eliminate the separate curing process.
3.2.1 Approach

HT-424, Type || epoxy-phenolic (unsupported film) and HT-424 film

(0.17 Ib/ff2,.suppor*ed) were selected for testing in comparison with
the Type |, ftwo component material now in use. Splice joints were pre-
pared with each of the three meterials to determine if the splice joint

could be foamed simultzneously with the cure of a core-to-facing bond.

3.2.2 Specimen Preparation

Sandwich specimens, 3 inches by |2 inches, with configurations as shown
in figure 3-4 were fabricated with 2024-T4 alclad aluminum facing sheet
and heet risistant phenolic (HRP) core material of 6 pound density. The
- bottom fac?hg sheet of each specimen was coated with HT-424B primer,
then covered with HT-424 (0.17 lb/ffz) sheet adhesive. Two blocks of
HRP foam one inch thick were placed on the adhesive sheet, leaving 1/8

inch separation between blocks for splicing.

35
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The facing-to-core bonds of one group of specimens were then cured under

pressure in an autoclave, after which the splice areas were :-half filled
{

with the test foaming materials and cured separately in an oYen at atmospheric

pressure. The splice areas of a second group of specimens were half filled

. . b ey ok ! ' '
with .the test foeming materials, after which the splices and the facing-to-core
bonds were cured simuitaneously under pressure in an autoclave. The top

facing sheets were then bonded to fthe specimens of both groups to complete

the sandwich structure.

3.2.3 Test Procedures

The sandwich specimens of both groups were tested in flexure over a six
inch span with @ single point load applied at a constant rate as outlined

in MIL-A-25463 (ASG) and MIL-STD-40!.

3.2.4 Test Results .

The results of flexural tests performed on the sandwich specimens are

listed in Table 3-8 znd Table 3-9.
- 3.2.5 Conclusions

Curing the splice and the core—fo—facing bond simultaneous|ly under pressure
seriously restricted the foaming actiog of the Type | foam as well as the
supported film adhesiQe, prodUcing voids at the upper surface of the joint.

These voids resulted in buckling of the upper facing surface under load.




The uncuréd Type I} film becomes tacky at room temperature and extremely
brittle at temperatures below 50°F and the test results, although
generally better than resuits obtained with the other ‘two adhesives, are
not sufficiently superior to outweigh these handling difficulties. The
common bulkhead butt joints will continue to be spliced with The Type |

material and cured separately.




CONFIGURATICN OF HRP CORE SANDWICH SPECIMENS

A. SPLICE CURED UNDER B. SPLICE CURED SEPARATELY
PRESSURE SIMULTANEQUSLY AT ATMOSPHERIC PRESSURE
WITH CORE-TO-FACING BOND




TABLE 3-8

FLATWISE FLEXURE OF SEPARATELY CURED BUTT JOINTS**

SPLICE LOAD AT FAILURE “ FLEXURE STRENGTH MODE OF

MATERIAL ey (Ps) FAILURE®

10 217 C8, A
HT-424 FOAM e & i
TYPE | 1330 213 AS

130 218 A, DS

133 24 DS
HT-424 FOAM 1510 2 C8, DS, A
TYPE I i - i

1565 %1 DS

1135 2 > AS
HT-A24 FILW, 1555 249 DS
gicder 1695 2 DS

1635 %2 DS

*CB= COMPRESSION BUCKLING OF CORE FACING
DS = DIAGONAL CORE STRETCH AND SHEAR
A= ADHESIVE FAILURE AT FACING OR CORE

S = CORE SHEAR

**CONFIGURATION PER B. OF FIGURE 3~-4

(4}
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3.3 EVYALUATION OF SEALANTS FOR CRYOGENIC APPLICATIONS

A sealant material suitable for use at cryogenic temperatures to provide a
seal in the Saturn S-1VB fuel ftank is needed. Material for this use must
retain adhesion to metal and adequate flexibility at cryogenic temperatures.
Polyurethane sealants and silicone sealants were investigated and com-

parative data obtained during the current report period.

3.3.1 Test Materials

The following two component, 100 per cent solids, polyurethane materials

were tested:

a. Narmco 7343 A Narmco Industries

b. PR-1938, semithixotropic Products Research Co.
c. CS-A-512, Teflon filléd : Chem Seal Corp.

d. CS-354], semithixotropic Chem Seal Corp.

e. HWC-22, non-commercial Douglas’ formulated

f. HWC-}, non-commercial Douglas formulated

~

The folfo@ing two component, silicone sealants were tested:

8. RTV=X-560 General Electric Co.
b. RTV=X-511 : General Electric Co.
. EC-22735 Minnesota Mining and Mfg. Co.

3.3.2 Specimen Preparation ) .

3.3.2.1 Tensile Strength and Elongation

Each material was cast in 1/8 inch thick sheets and cured thirty days at

room temperature.

CONFBERTIAL,
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Twenty sﬁecimens of each material were die cut as described in Federal Test

Method Standard No. 601, Method 4|1l after curing.
3.3.2,2 Lap Shear

Twenty specimens of each material were prepared per Federal Test Method
Standard No. 175, Method 1033.1 using 7075-T6 aluminum panels overlapped
one inch. The specimens were cured 30 days at room temperature. Panels
for testing EC-2273, RTV-X-560, and RTV-X-511 were primed before appli-

cation of the test material.

3.3.2.3 Adhesive Tensile Strength

Twelve samples of each material were applied to anodized, primed 7075-T6

aluminum sheet and cured thirty days at room temperature.

3.3.2.4 Low Temperature Flexibility

Five test specimens of each material were prepared by applying the material
between two primed 7075-T6 anodized aluminum panels and curing under
pressure for |6 hours at room temperature followed by 30 days at room

temperature without applied pressure.

3,3.2.5 Impact Resistance

Five specimens of each material were cut from the /8 inch thick cured

sheets prepared for the tensile strength and elongation tests,

3.3.3 Test Procedures

Low temperature flexibility was tested at -104°F and -320°F.

v
.



Impact resistance tests were performed at -320°F. All other tests
were performed at each of the following temperatures:

CL 5 :

b. =l104°F (after two minutes in d}y ice)

c. -320°F (after soaking in liquid nitrogen)

d. =423°F (after soaking in liquid hydrogen)

3.3.3,1 Tensile Strength and Elongation

FI
The tensile strength was determined per federal Test Mefhod Standard s-v
No. 601, Method 4111. Elongation was determined by using The head travel

of the tensile.testing machine as recorded on & stress-strain graph.
3,3.3.2 Lap Shear

*The lap shear strength was determined per Federal Test Method Standard

No. 175, Method 1033.1.

3.3.3.3 Adhesive Tensile Strength

The adhesive tensile strength of each material was determined as outlined

in Federal Test Method Standard No. 175, Method [0l1.1.

3.3.3.4 Low Temperature Flexibility

The test panels were bent over a six inch radius mandrel to determine
flexibility. Five specimens of each material were tested at each test

temperature (-104°F and -320°F).

43



3.3.3.5 Impact Resistance.

The tests were performed with a Gardner impact Yester on specimens sub-
merged in liquid nitrogen to contral the temperature (-320°F). Teflon

specimens were tested only for comparison.

3.3.4 Test Results

The test results are listed in tables 3-10 Fhrough 3-14.
3,3.5 Conclusions

The test results indicate that the polyurethanes are slightly more satis-
factory at cryogenic temperatures except for lap shear strength and
flexibility. The silicone ‘sealants apparentiy retain adhesion more
satisfactorily at cryogenic temperatures than the polyurethanes. No

further investigation is deemed necessary.
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TABLE 3-13

LOW TEMPERATURE FLEXIBILITY OF POLYURETHANE AND

SILICONE SEALANTS

TEST
MATERIAL TEMP RESULTS

(°F)
NARMCO -104 NO FAILURE WITH 5 SPECIMENS
7343 | 320 NO CRACKS — MATERIAL SEPARATED FROM PANELS
PR-1938 -104 NO FAILURE WITH 5 SPECIMENS

=320 NO FAILURE WITH 5 SPECIMENS
CS-A-512 -104 NO CRACKS — MATERIAL SEPARATED FROM ONE PANEL

-3 MO CRACKS - ALL FIVE SPECIMENS SEPARATED FROM PANELS
C5-3541 -104 NO FAILURE WITH 5 SPECIMENS

=32 NO CRACKS — MATERIAL SEPARATED FROM 3 PANELS
HWC-22 ~104 NO FAILURE WITH 5 SPECIMENS

=32 NO CRACKS — MATERIAL SEPARATED FROM 4 PANELS
HWC-1 -104 NO CRACKS —~ MATERIAL SEPARATED FROM 3 PANELS

=320 NO CRACKS —~ MATERIAL SEPARATED FROM ALL 5 PANELS
RTV-X-560 -104 NO FAILURE WITH 5 SPECIMENS

-320 NO FAILURE WITH 5 SPECIMENS
RTV-X-511 -104 NO FAILURE WITH 5 SPECIMENS

=32 NO FAILURE WITH 5 SPECIMENS
£C-2273 -104 NO FAILURE WITH 5 SPECIMENS

-3

'SPECIMENS CRACKED AND SEPARATED FROM ALL 5 FANELS




TABLE 3-14
IMPACT RESISTANCE OF POLYURETHANE AND
SILICONE SEALANTS (-320°F)

IMPACT AT*
MATERIAL FAILURE MODE OF FAILURE
(INCH-POUNDS)
NARMCO 116 SMALL FRACTURE, NO COMPLETE BREAK
7343 :
PR-1938 3.2 BROKE INTO SEVERAL PIECES
CS-A-512 8.0 "BROKE INTO SEVERAL PIECES
CS-3541 ; 1.4 BROKE INTO SEVERAL PIECES
HWC-22 10.8 SMALL FRACTURE, NO COMPLETE BREAK
HWC-1 1.2 BROKE INTO TWO PIECES
RTV-X-50 6.0 BROKE INTO SEVERAL PIECES
RTV-X-511 5.2 BROKE INTO SEVERAL PIECES
£C-2273 34 SHATTERED COMPLETELY
TEFLON 12.0 BARELY VISIBLE MULTIPLE FRACTURES

*EACH VALUE IS THE AVERAGE OF 5 SPECIMENS




3.4 EFFECT OF HIGH VACUUM ON SEALANTS

Sealant materials suitable for use in the high vacuum environment of
outer spéce~are nee&éd.'fA ma jor problem encountered with sealants is
outgassing under high vacuum conditions. A study has been undertaken

in order to find suitable existing materials for high vacuum use.

3,4.1 Planned Approach

Selected materials are to be tested at room temperature under 10=9mm

of mercury. The weight loss due to outgassing, best post cure time, and

maximum useful temperature will be determined. Materials giving the best

results will then be subjected to an ultra-high vacuum of apprdximaTely
WA :

10 mm of mercury at various temperatures. Test results will be

presented in a later issue of this report.




:
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N3.5 EVALUATION OF SILICONE SEALANTS WITH HIGH TEAR STRENGTH

- An investigation was started during the last report period to determine
the suitability of PR-1960 silicone sealant (Products Research Co.,
Burbank, California) for use in application$ requiring superior tear

.sfrengfh (see issue one of this report). Specimens were conditioned and
sub jected to physical properties ftests which were completed during the

current report period.

3.5.1 Test Procedure

The following physical. properties tests were performed on specimens of

the PR-1960 silicone sealant:
a. Corrosion resistance - On 0Q-A-283 aluminum panels immersed in
3 per cent sodium chloride solution for
20 days at 140°F

b. Adhesion - To primed metal as outlined in MIL-S-8802

¢. Tensile strength Tested per Federal Test Method Standard
No. 601 with a jaw separation rate of

2 inches per minute

d. Hardness - Rex durometer hardness after 48 hours
cure at 75°F

e. Specify gravity - Determined per MIL-S-7502

f. Tear strength ‘' = Tested per Federal TeéT Method Standard
No. 60l, using die '"C"
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3,5.2 Test Results S

'
!

The results of physical properties tests on PR 1960 éealanf are?lisfed

in Table 3-15.
3.5.3 Conclusions

PR 1960 exhibits considerably higher tear strength than the other
conventionally used, room temperature curing, two part silicone sealants.

The other physical properties of PR 1960 are adequate to justify its use
where higher tear strength is the major consideration and all other properties

are acceptable.




TABLE 3-15

PHYSICAL PROPERTIES OF PR-1960 SILICONE SEALANT

PROPERTY

RESULT

CORROSION RESISTANCE

NON CORROSIVE TO QQ-A-283 ALUMINUM

ADHESION

60 PER CENT COHESIVE FAILURE AT 8.8 POUNDS
PER INCH AVERAGE PULL

TENSILE STRENGTH

401.9 PSI

ELONGATION

160 PER CENT
HARDNESS 38 (REX DUROMETER) ’
SPECIFIC GRAVITY 1.38

~ TEAR STRENGTH

52.9 POUNDS PER INCH
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3.6 INVESTIGATION OF TWO COMPONENT SILICONE SEALANTS FOR USE AS
ELASTOMERIC CEMENTS

) 9

During the last report per{od a test program was initiated to determine
Tﬁe suitability of a room temperature vulcanizing (RTV) silicone rubber
sealant for use in the faying surface seal between the tunnel and the
tunnel sealing plate of the Saturn S-1VB sfage.(see issue one of this
report). Specimens were fabricated with and without a primer in prepara=-
tion for physical properties tests. During the current report period,
physical properties tests were performed on specimens of RTV-77 sealant

(General Electric Co.) in conjunction with Silastic RTV 1200 primer

(Dow Corning Corp. ).

3.6.1 Test Procedure

The application time was determined as outlined in MIL-S-8802, The
specific gravity of RTV-77 was determined as the average of five samples
as outlined in Federal Test Method Standard No. 406, Method 501 1.
Specimens for the hardness test were prepared by applying RTV-77 sealant
/4 inch thick between aluminum sheet 10 inches in diameter. The Shore
"A'" hardness w;s measured after curing the specimens for 16 hours at
room Temperéfure in the absence of atmospheric moisture and again after
56 hours in the presence of afmqspherié moisture, The method of deter-
mining hardness with the Shore "A'" durometer was per Federal Test Method

Standard No. 60]. o




Tensile strength specimens were cured seven days at room Tempéréfufe and
tested as outlined in Federal Test Method Standard No. 175. The %pecimens
were aligned in a tensile testing machine and load was applied aﬁiéuch a
rate that rupture would occur within two to three minufeaf The load at

failure was recorded as the tensile strength. T

3.6.2 Test Results

The specific gravity of the material was determined to be |1.37; the
application time was six hours; the hardness after |16 hours cure at room
temperature in the absence of atmospheric moisture was 35 (Shore "A"
durometer). After 56 hours in the presence of atmospheric moisture, the
Shore "A" durometer hardness was 47. The tensile strength values of the

sealant at various temperatures are contained in Table 3-16.

3.,6.3 Conclusion

Test results indicate that RTV-77 sealant, when used with a suitable
primer, has good adhesion and is capable of curing in large secTions in
tThe absence of atmospheric moisture. It is suitable for the intended

use and no further investigation is necessary.



-

TABLE 3-16 |
TENSILE STRENGTH OF PRIMED RTV-77 SEALANT

TENSILE STRENGTH
TEST e MODE OF FAILURE
TEMP . (PER CENT)
e | swues | MCE e
(PSI) .
400 55.8 27072 100 - COHESIVE TO PRIMER
300 134 120 TO 150 50 — COHESIVE IN RTV-77
: 50 — ADHESIVE TO PRIMER
150 205 170 T0 223 100 — COHESIVE IN RTV-77
1 191 140 TO 236 | 100 - COHESIVE IN RTV-77
-5 484 358 TO 595 60 — ADHESIVE TO RUBBER SHEET
40 — COHESIVE IN RTV-77
-100 145 700 TO 795 100 — ADHESIVE TO RUBBER SHEET




3.7 EVALUATION OF SILICONE SEALANTS NOT REQUIRING A PRIMER

During the last report period, PR-1938 silicone sealant (made by Products
Research.Co.) was subjected to various room temperature and elevated
temperature tests (see issue one of This report). PR-1938 was found to

be capable of use without a primer at temperatures ranging from 75°F to

260°F. During the current report period, the material was tested to determine

its low +emperafure.capabiii?y.

3,7.1 Test Procedure

Test specimens were cured at room temperature with 40 per cent relative
humidity and tested at +75°F, -108°F, -320°F, and -423°F to determine

the following properties:

a. Tensile strength and per Federal Test Method
elongation Standard No. 601, Method 4111
b. Lap shear strength . per Federal Test Method
i ! Standard No. 175, Method [033. |
c., Adhesive tensile . per Federal Test Method
strength Standard No. |75, Method |101. |
3.7.1.1 Impact Resistance

Impact resistance specimens measuring 2 inches'by 2 inches by |/8 inch were
tested while submerged in |liquid nitrogen using a Gardner ‘impact tester.
[ POTTE

3.7.1.2 Flexibility | : S8 g

A uniform coating of PR-1938 sealant 50 mils thick was appfiéd to anodized 7075-T6
aluminum test panels. After curing, the panels were tested by bcnding once

over a 6 inch radius mandre!l at -108°F and -320°F.

TCONTIDEN AR . -



3.7.2 Test Results

The test ‘results are listed in Table 3-17.
3.7.3 Conclusions

Test results indicate that PR-JQBB silicone sealant js suitable for

1 !

use without a primer at temperatures ranging from +200°F to -320°F.

Previous experience has shown that relative humidity in excess of

’
40 per cent is detrimental to the material during the cure.



JYNTIVS JAISTHAY %001

ISd SL62 3IOVHIAY
ISd 06v7 WNWIXYN
1Sd S{1Z WNWININ

dotZb-

JUNTUYS JAISIHAY %001

ISd 0EZE 39vYIAY
ISd 0SYE WNNIXYIW
ISd 00TE  WAWINIW

Jo02€-

YNV JAISIHAY %001

ISd O0ETT JOVYIAVY
ISd S0CT WNWIXVA
ISd GP01  WNWININ

4901~

3UNTIV4 JAISIHAY %001

ISd 00E - IOVHIAY
ISd 0PE  WNWIXVN
ISd 822 WOWININ

405

YVIHS 4V

NOILVINOTI %S NVHL $537

1Sd §9S¥ IOVHIAV
ISd 0E09 WNWIXYW
ISd 09T  WNWINIW

E S YA

NOILYONO 3 %97
NOILVONOT3 %5°¢
NOILYONOT3 %I

1Sd ¥ZIT 39V43AY
ISd 0822 WINIXYN
«ISd ¥ZE  WNNININ

-3 00E-

NOILVONOT3 %221
NOILYONOTI %591
NOILYINOT3 %08

IS4 069 3OVHIAY
IS4 958  WNWIXYA
IS4 TIS  WOWININ

4401—

NOILVINOT3 %S6¢
NGILYONOT3 %000
NOILVINOT3 %S.E

ISd [0E 3JOVHIAY
ISd ZZ€  WNWIXVA
ISd 86  WNWINIW

oS+

NOILVINOT3 ONY
HLIN3YLS 3 TUSNIL

SLINSIY.

JUNLYYIdNTL

1831

INYIV3S BE61-4d — SLINSIY LSTL IUNLYHIJWIL MOT

L1-€ 3718Y1




3701148 34V SNIWIOIHS IHL 3UNLYYIJNIL SIHL LV "QVO0T IHL ONIATddY 340438 SMVI JHL NI G3NDITV A1103343d

LON 3¥3M SNINIDIS FHL 40 INOS LVHL LOV4 IHL OL ING ATTINIT LSO S1SINTWA HLINIYLS 38

N3L NI 3ONVY 30IM IHL.

"SANNOJ-HONI 21 LV Y348 LON S300 LNG SHOVYHD 1531 IWVS IHL z_.zo'_muh :

"SONNO-HONI € LY $3031d 43IAIS OLNI 3IN0¥B SNIWIOIS IAIS TTV. o028~ JONVLSISIY LOVANI
ONINOVHO 4O NOISIHQY 40 SS07 ON 4o 02E-
ONIOVYD O NOISIHAY 40 S0 ON 4oh01- ALINIBIXI TS
ISd £55¢ IOVYIAY :
JYNVH JAISIHAY %001 ISd 0985 WONIXYI JoE2h-
T ISd 022 WOWININ
-~ 154 §(00 3OVY3AY
3UNHY4 JAISINQY %56 IS 008E WNWIXYI 4o02€-
3NV JAISTHOD %S IS 0SZE  WOKINIW
ISd (hL 3IOVHIAVY .
FUNTIVS JAISIHAY %SS ISd 068  WNWIXVYW 4o¥01-
34N7IV4 3AISIHOD %SH ISd 069 WNNININ
.. ISdEIl 39vHIAY
34NV JAISIHAY %01 ISd ¥8T  WWIXVA HLONIYLS
34071V JAISIHOD %0E IS4 09 WOWININ ERIE JUSNIL JAISTHAY

(0.1NOD) L1-€ 378VL




s
L

3.8 EVALUATE HEAT SHRINKABLE TUBING FOR ELECTRICAL INSULATION AND
IDENT |F ICAT ION
Heat shrinkable tubing is used to replace stripped off insulation over
éoldered joints, contact pins and wire junctions. In other applications
it is impression stamped and used to identify airborne, Teflon insulated
wire bundles and individual wires (Teflon cannot be impression stamped).
A test program was initiated to determine the suitability of tThe follow-
ing irradiated, heat shrinkable, polyolefin Tubings for these applications:
a., SRX-34 (Suprenant Mfg. Co., Clinton, Mass.)
.

b. Hyshrink ST-9| (Sequoia Wire Co., Redwood City, Calif.)

c. Thermofit RNF (Rayclad Tubes, Inc. Redwood City, Calif.) i

3.8.1 Test Procedure

Samples of the three tubing materials were subjected to the tests and

minimum requirements listed in Table 3-18,

3.8.2 Test Results

The SRX-34 material failed the markability test. All three materials
were above the minimum requirements for all other fests. Results of the

tests are listed in Table 3-19.
3.8.3 Conclusions

All three tubing materials are suitable for use as electrical insulation.
SRX~34 tubing is not suitable for identification of wires and wire bundles

since |t cannot be satisfactorily marked with the Kingsley marking machine.
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3.9 EVALUATION OF SOLVENT RESISTANT MARKING [INK

Printed wiring boards used in the Saturn S-|VB must be marked with serial
numbers for identification. Inks used for this purpose must be (]) re-
sistant to solvents and fungi, (2) electrically nonconductive, and (3)
easily applied. Tests were performed during the present report period

to find an ink having These properties.

3.9.1 Specimen Preparation

Ink samples were prepared from the following materials:
a. Series M, Catalog B3 Warnow Process Paint Company
Red epoxy base ink
White epoxy base ink
b. 73X black ink Independent |nk Company
73X white ink y :
522 black epoxy base ink
n sample of each ink was applied with a rubber stamp to four printed
wiring boards (five samples on each board). The inks were then dried
as follows:

a. M-=B3 epoxy inks - 90 minutes at |70°F

b. 73X inks - 16 hours (approximate)
at room temperature

c. No. 522 epoxy ink - 30 minutes at 250°F
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3.9.2 Test Procedure

EFach of the four printed wiring boards (containing all five inks) was
subjected to a different solvent. The test solvents were-as follows:
a. Sovasol No. 5
b. Freon TF E. |I. du Pont de Nemours
and Company -
c. Freon TMC ; !
d. Freon PC

- ’
The boards were washed in the solvents for two minutes, rem§ved, and

scrubbed for one minute with a non-metallic bristle brush.ﬂ”Afi inks
which passed this test were subjected to the following fungis

a. Chaetomium

b. Globosum

c. Penicillium ciftrinum
d. Aspergillius niger
e. FHspergillius flavis

Those inks which passed the fungus tests were tested for electrical re-
sistivity using a bullseye pattern with .050 inch space befween the outer
ring and the circular center pattern. Each printed wiring board was
conditioned for 80 hours in a controlled Tempefafure-humidify chamber

prior to resistance ftesting.

65



3.9.3 Test Results .

" The results of solvent resistance testing are listed in Table 3-20.

Epoxy base inks were not appreciably affected by solvents or fungi. All
epoxy base inks, except the No. 522 black ink were determined to be non=-

conductive.
3.9.4 Conclusions

Resuits indicate that the epoxy base inks, except for No. 522 black ink,
are better suited for Earking printed wiring boards than the other inks
tested. Epoxy base inks are now being used for this purpose in the

Saturn S-IVB program,




'TABLE 3-20

SOLVENT RESISTANCE OF PRINTED WIRING BOARD INKS

L9

e : i
& REACTION TO SOLVENTS*
SAMPLE SOVASOL | FREON FREON FREON
NO. 5 TF ™C PC
WARNOW RED NG NC | NC NC
(EPOXY)
WARNOW WHITE | NC NG| NC NC
(EPOXY)
NO. 522 BLACK | VERY SLIGHT | NC | VERY SLIGHT | NC
(EPOXY) FADING FADING
NO. 73X BLACK | NC NC | VERY SLIGHT | VERY SLIGHT
FADING FADING
NO. 73X WHITE | VERY SLIGHT | NC | COMPLETELY | HEAVILY INKED
FADING BLURRED AREAS COMPLETELY
BLURRED. LIGHTLY
INKED AREAS
NOTICEABLY FADED

*NC = NO NOTICEABLE CHANGE



3.10 EVALUATION OF SOLDERLESS WIRE WRAP CONNECT | ONS

A test program was initiated to determine the ability of solderless wire
wrap connections to withstand the environmental stresses anticipated for
Saturn S-1VB ground equipment and to determine any significant

differences in the quality of three wire wraps on the same terminal.

3.10.1 Test Procedures

Twenty-six printed wiring board wire wrap cdnnecfors, each containing 64
wire wrap terminals, and 44 unmounted wire wrap terminals were tested.
Approximately half of the connections wére wrapped with an air operated
wrapping tool; the other half with a battery operated tool. Both 22 gage
and 24 gage wire were used. Thé.wrapped connections were sub jected to
The fo{lowing tests: .

a. Unwrap resistance .

b. Gas tightness

c. Stripping force

d. Thermal shock

e. Current overload

f. Salt spray resistance

g. Vibration

h. Shock :

The above tests were performed to determine conformance of the connections

with tThe requirements outliined in |P0O0032.




The millivolt drop was measured after each test. Each unmounted terminal
was wrapped at three wire levels.with uniform spacing between levels. The

terminals were square in cross section and measured .045 inch by .045 inch.

3,10:2 Test Results

The results of all tests were satisfactory. A slight Increase in the
mean value of millivolt drop was noted after all environmental festing.
The value, however, was below fhe al lowable maximum of *WS mllfivolfs.

No defective connections resulted with ei%her the air operated or battery
operated wrapping tool. The re;uITs of salt spray‘TesTing-yere satis-
factory. Figure 3-5 shows the connectors mounted in the salt. spray tTank.
A 20 per cent solution was used. The results of sfripp%ﬁg %orce Tests

were comparable for all three wire wrap levels.
3.10.3 Conclusions ‘ 2 Y .

Solderless wire wrap connections are apparently sa*isfacTory,fdr‘ﬁse in
ground support equipment. There is no significant difference in quality

for the three wire wrap levels.

&9
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3.11 EVALUATION OF A CRYOGENIC SERVICEABLE POLYMER

During the last report period, preliminary tests were made to determine
the elastomeric properties of ET-9 epoxy polymer (made by Narmco). These
tests, conducted at -320°F, indicated that the material possesses prac-
tically no flexibility when cured using The.recommended-curing agent
(4,4" methylene dianiline). InvesTigaTio; continued during the current
report period to find a more efficient cross linking agent which would
lower the second order fransition point and thereby improve low tempera-

ture flexibility.

" 3.11.1 Additional Testing

The following possible cross linking agents were checked in the ET-9
polymer:
a. Methylene-bis—or+hochloroaniIine (MOCA)
*b. M-phenylene diamine
c. M-toluene diamine
d. Triethylene tetramine
~e. Aldehyde-amine (frimene base)
fis Methyléﬁe-bis-maleimide
.g. 4-Me+hoxy phenylmaleimide
h. N=-phenylmaleimide

i. Maleic anhydride

71
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CONFIDENTIAL

D lile2  Test Resullls

None of Tﬁq ah(nes, imides, or anhydrides equalled the cross linking

efficiency of 4,4" methylene dianiline.
3.11.3 Conclusions

TesT results indicate that The usefulness of ET-9 is doubtful in cryogenic
sealing applications. The relative high second order transition temp-

erature (254°K to 264°K) of the polymer, compared to other elastomeric

materials, makes it a secondary choice for further investigation.




3.12 DEVELOPMENT OF AN ELASTOMERIC VIBRATION DAMPENER

’

A material suitable for use as a vibration dampener to isolate the cylin-
drical oxidizer tank of the attitude control system from destructive
vibraTion is being developed.  The ma+¢rial musfvhave low compression set,
iow heat build-up, a K value of less than 0.10 BTU/hr./ft./°F, and a
def lection of approximately |7 per cent under a load of 54 psi. All of
the above property values must be retained in a Bigh vacuum,

'

Several compounds, using butyl, neoprene, silicone, and natural rubber as

base polymers, were formulated during the last report period.

3.12.1 Preliminary Evaluation

Test results to date indicate that the butyl compound has the best vibra-
Tien dampening properties. Several adhesives are being tested to find the
most éui+able material for bonding cured butyl rubber to the stainless
steel’ oxidizer tank. EC-2216 apoxy adhesive (Minnesota Mining and Mfg.)
was tested and found To have very low bond strength between butyl and
stainless steel. A solvent base adhesive, such as EC-1099, produces

good bond strength bul complete removal of volatiles is necessary for high

vacuum use.

U

3.12.2 . Future ‘lhvestigation

Other butyl compounds will be prepared with lower hardness (at some
sacrifice of compression set properties) and compared with the pre-

Iiminary_bu1§| compound.
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Comparison studies are also being made between a butyl compound in the 65
to 70 Shore durometer hardness range and the softer butyl stocks. Various
adhesives will be tested under actual high vacuum conditions to obtain the

optimum bond strength between butyl| rubber and stainless steel.




3.13 INVESTIGATION OF 0-RING, SEAL, AND GASKET MATERIALS COMPAT IBLE
WITH N O4 AND MIXED HYDRAZ INE

Severai materials have been tested to determine compatibility with liquid
,propellan+s suéh:aé ﬁifrogen tetroxide (N»04), and mixed hydrazine (see
issue one of this report). Only one commercially available elastomeric
material is considered reasonably suitable for limited exposure in the
.quuids at present. The material is SR-634-70 butyl (Stillman Rubber Co.).
Elastomeric materials capable of existing in liquid propellants are needed

for O-rings, seals, gaskets, and the fabrication of an expulsion bladder.

3.13.1 Additional Investigation

3.13.1.1 Exposure in N,Ogy

The following materials were tested in N,0, and discarded because of ex-

2
cessive deterioration:
a. SMR=8| butyl compound (Stoner Rubber Co. )
b. M-863 EPR compound (Coﬁnecficuff Hard Rubber)
c. 846-80R butyl compound "~ (Plastics and Rubber Products Co.)

d. B-496-7 butyl compound .+ (Parker Seal Co.)

-

A butyl series and an EPR series, both coméounded by Douglas Aircraft
Company, were tested and discarded because of excessive |dss of properties
and swelling. The Hydropol base compounds pkepared by Douglas Aircraft
Company (see issue one of this report) show reasonably'good réTenfion.of

properties but efforts to soften the material have been unsuccessful.
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A polybutadiene series and @ neoprene base compound, both prepared by
Douglas Aircraft Company, exhibited severe loss of properties within 24
hours exposure to the liquid propellants.
Plastic films which have been exposed are as follows:
a. Aclar (polycarbonate) Allied Chemical Co.
good retention of properties

L+ b, FEP Tefllon du Pont Chemical Co.

. good refention of properties

c. Mylar (polyester) du Pont Chemical Co.

deteriorated completely in less than 24 hours

3.13.1.2 Exposure in Mixed Hydrazine

‘

Mlked'hydrazine'is much less severe than NyO4. Almost all of the materials
tested retained 75 per cent or more of their original properties after one
week exposure at room temperature. Materials exposed to N204, and deter-

mined to' be reasonably resistant, will be checked in mixed hydrazine.
3.13.2 Conclusion

Materials such as Teflon are not particularly suited for use in expulsion
bladder fabrication as compared with elastomeric materials. |Investigation
will continue in order to develop addiTionél_maTerials for use in N,04y

and mixed hydrazine.




’ ‘ll'llllllllllll.l.l'l

3.14 EVALUATION OF HYDRAULIC PACKING AND SEAL MATERIALS FOR HIGH VACUUM
ENVIRONMENT
The Saturn S-|VB actuator seals are made of Buna=N rubber with Teflon back-
up rings. The seal material is considered adequate for earth orbit missions.
Plasticizers and oils in the Buna-N compound (as well as a2 |imited tempera-
ture range) meke the material marginal for use in the high vacuum - low
temperature environment of outer space because of pinch-loss from out-
gassing and flexibility-loss at low temperature. A test program was
initiated to find materials which would provide minimum leakage and im-

prbved reliability under high vacuum-|low temperature conditions.

3.14,1 . Test Materials

_7)"4.'0‘ O-FingS

Sets of O-rings fabricated from the following materials Qere selected
for testing:
a. SR 832-75 Buna-N Stillman Rubber Co.
(used as control)
b. SR 269-75 polyurethane
c. 1000 - 70 silicone ; Hadbér, Inc.
d. 1000 - 80 silicone

e. Viton low temperature rubber du Pont Chemical Co.



3.14.1.2 Back-up Rings

Teflon back-up rings of the (1) multi-coil type, (2) single ring type,
and (3) slipper type were selected for festing in conjunction with the

0-rings listed above.

3.14.2 Future Testing

The dimensions of the O-rings Qfll be recorded- and tests will be con=-

ducted in a suitable testing apparatus. Results will be presented in a

later issue of this report. N R




v

3.15 LOX COMPATIBLE MATERIALS e EoNL

Materials which tend to detonate upon impact when in contact wifﬁ.liquid
okygen (LOX) cannot be used in the Saturn S-IVB LOX system. Con*inual;'

testing must be done in order to find LOX compatible materials suitab "

for design required applications (see,issue one of this reporty.

3.15.1 Test Procedure

Each material is subjected to a series of impacts under LOX using an im-
pact testing machine. The number of impacts and force of impact vary

within specified limits with each type of material tested.

3.15.2 Test Results

A list of materials recently found to be compatible in LOX is contained in
Table 3-21. Additional materials, tested during the last report period,
are contained in issue one of this report. Recently testéd materials

.determined to be incompatible with LOX are as follows:

a, LS5-9816 Fluorobestos Raybestos Co.

b. Epoxy-alumina mixture Richie

c. XW-012-80 Products Research
XW-014-80

d. Narmco 7343 Adhesive Narmco Industries
L]




In addition to the above materials, SKL-4 spdfcheck béhetranf solution
(Magnaf lux Corporation) was determined incompatible fn concentrated form,

IT is currently used, however, in a 3 to | solution with water for detecting

cracks. The dilute solution has been tested and, as previously reported,

is considered impact compatible with LOX,

3.15.3 Conclusion

Testing to determine LOX compatible materials will continue in the future

as dictated by new, design required materials.
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SECTION 1V

DEVELOPMENT OF PROCESSES

Recent progress made in the development
of new production processes and the improve-
ment of existing processes related to the

Saturn S-1VB is summarized in this section.




“4,1 VACUUMATIC BRAZ ING PROCESS FCR SATURN COLD PLATES

¢ Electronic components located in the forward inter-stage of the Saturn
S-1VB aré to be cooled by the circulation of @ liquid through the
mounting plates (cold plates). Fabrication of These cold plates will
be accomplished by a bonding process using a nitrile - phenolic bonding
agent. Tests conducted on bonded cold plates have shown the method to be
satisfactory. Flatness of the plates can be held to within .003 inch
oveé a coolant area of 22 inches by 4| inches. The results of pressure
drop tests, proof tests, and burst tests exceed design criteria. Since
vfhese plates are to be made from heat treatable aluminum alloy, the
Doualas vacuumatic process was proposed as an alternate method of
joining the detail parts of the plates. The vacuumatic process does noT'require
the use of cleaning fluxes and the internal design ot the plate is.such that
chemical milling and brazing techniques could easily.be ‘used in production.

A test program was initiated to establish production feasibility.

4,1.1 Test Procedure

Four small, sample cold plates were produced by the vacuumatic process
using number 25 brazing sheet (made by /llcoa). Due to the results ob-
Tained wi}h the first three sample cold plates, modifications of the
process andlfhe brazing fixture were incorporated before producing and
heat treating the fourth sample. This fourth sample was then tested

to determine the liquid pressure drop from The inlet to outlet.
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o

The braiing shée+ (number 23, Type 6951 alloy) was tested to determine yield

sTreng}B, ultimate strength, and elongation after heat treatment.

i

4.1,2 Test Results.

The pressure drop test results were saTisfachry. Strength levels of

the brazing sheet are listed in Table 4-1. Warpage of the part occurred

during the solution (heat treat) process.

4.1.3 Conclusion

The Douglas vacuumatic brazing process is feasible for production brazing of

the Saturn S-1VB cold plates. The brazing sheet strength levels after heat
treatment meet design requirements. ‘“arpage, however, which occurs during

heat treatment of the part must be eliminated or substantialy reduced.

Future work will be done to refine the solution and aging (heat treat) processes

in an effort to eliminate warpage.




TABLE 4-1

STRENGTH LEVELS OF HEAT TREATED 6951 BRAZING SHEET*

NUMBER OF SHEET YIELD** ULTIMATE ELONGATION
g GAGE STRENGTH STRENGTH (PER CENT)
(INCH) (PSI) (PSI)
g
7 i HIGH 37,925 41,605
) LOW 32,335 41,495 - 8
HIGH 32,085 37,865 10
: el LOW 31,295 37,710 oA
H 12
1 o 1GH 37,510 43,220
LOW 36,120 41,990 1

*MINIMUM DESIGN REQUIRED VALUES ARE 30,000 PSI YIELD, 35,000 PSI ULTIMATE,
AND 8 PER CENT ELONGATION IN 2 INCHES.

**HIGH AND LOW VALUE S ARE BASED ON YIELD.
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4,2 FRACTURE TOUGHNESS OF 2014-T6 WELDMENTS

Mechanical properties testing of welds prepared with 4043 and 716 filler
wire were conducted during the last report period to obtain data covering
the process of welding critical structures intended for use at cryogenic
temperatures. Tensile specimens containing shallow cracks up to .100 inch
in depth were prepared for testing at room temperature and -423°F (see

issue one of this report).

4.2.1 Additional Progress

Tensile‘fesfing of the welds is now complete. Fractographic and micro-

-scopic studies of the weld structure are currently in progress. Upon

completion of these studies, the results will be correlated and presented

in this report.




4.3 IMPROVEMENT OF DUCTILITY IN SATURN S-1VB WELDS

Thermal cycles used in bonding the honeycomb to the common bulkhead domes
introduce an aging effect upon welds which increases tensile properties
but, at The'same time, lowers ductility. /s a result, common bulkhead
meridian welds, affter one or more cure cycles, possess marginal ductility.
An investigation is being éonducfed to determine a method of improving

the ductility of these welds.
4.3.] Approach

Test programs were initiated in ordef to (1) determine the effect of
controlled overaging on ductility and (2) determine the feasibility of

Jimproving ductility by reducing the iron content in the weld deposit.

4,3.2 Test Procedures

4,3,2.1 OQveraging

Welds were made in 2014-T6 aluminum using 4043 filler wire and then
overaged by heating wi}h a welding torch. Temperatures were controlled

by varying the rate of travel of the torchi The overaging Tempera+ﬁrés
ranged from 550°F to 700°F. After overaging, the welas viere sub jected

to four simulated bonding cycles and tested *for ductility at -320°F. =,
Control specimens, which were not overaged, were also Tested in the same.'

manner.

4.3.2.2 Iron Content Reduction

’

Three ingots were cast, extruded, and drawn intfo 3/64 inch diameféﬁ
welding electrode with chemical compositions per Table 4-2. These com-

positions represent (1) 40435 aluminum with low iron, (2) a typical 2014-T6
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aluminum weld deposit wiTH low iron content, and (3) a typical 2014-T6
aluminum weld deposit with normal iron content. Butt welds, of the
Saturn production type, were prepared using both standard 4043‘aluminum
electrode and the low iron content electrode drawn from ingot number |.
Ductility tests were conducted with specimens from both welds at -321°F.
Bead-on plate welds were made with wire from ingots 2 and 3 to compare

all weld metal tensile specimens of low and normal lron content.

4.3,3 Test Results

The ductility of overaged specifiens was markedly decreased In all cases.
Examination of the weld microstructure revealed a similar structure in

all overaged specimens.

4,3,3.2 Iron Content Reduction .,

No improvement in ductility occurred with the low frdﬁfconfenf 4043 filler

metal. Spectrographic analysis showed the iron content in fhe'wéld de-

posit to be 0.28 per cent.

Testing of ingots 2 and 3 is not complete to date. Tensile specimens of
each type will be tested at room temperature and -423°F in both the as-

welded condition and after curing.




4.3,4 Conclusions
4,3.4,1 Overaging

Test results indicate thet the development of an effective overaging
process would require extensive study of the metallurgical behavior of

the weld. ~An adequate procedure is not deemed practicable at present.

4,3.4,2 Iron Content Reduction

The results obtained with ithe 4043 filler wire are considered incon-

clusive since, due to dilution with the parent material which was found

&%
4

4
to contain 0.55 per cent iron, the iron content was excessive. The re-

sults of tensile testing of ingots 2 and 3 will be presenfed in 2 later

-

issue of this report.
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TABLE 4-2
COMPOSITION OF LOW IRON CONTENT, DUCTILITY TEST INGOTS

PER CENT COMPOSITION
ELEMENT INGOT NUMBER

1 2 3
COPPER —- 1.0 3.0
SILICON 5.0 2.5 2.5
MAGNESIUM . |, - 0.4 0.4
MANGANESE * e 0.5 0.5
IRON < 0.10 <0.10 0.5
ALUMINUM REMAINDER REMAINDER REMAINDER

T I




4.4 AUTOMATIC D.C. TIG WELDfNG SATURN FITTINGS

The semi-automatic metal-inert gas (MIG) welding process is presently
used in production for making fitting to dome welds. The automatic,
direct current, ftungsten-inert gas (0.C. TIG) welding process would offer
The following advantages:
. a. Full aufomatic operation

b. Minimized weld defects and repairs

¢! Minimum distortion and shrinkage

d. Consistently uniform weld deposits

e. Reduced weld time

A study was conducted to determine the feasibility of using the D.C. TIG

process for production welding of fitting to dome welds.

i3

4,4, - Test Program

Laboratory tests were conducted using the Linde Missile Maker (see issué
one of tThis report) with temporary production tooling. Nine weld specémens
were prepared by inserting 6061-T6 aluminum fittings info openings in
2014-T6 aluminum dome sections. Seven of the welds were made using the
double fillet technique; the other two were completed in a single pass.
Joint openings at the root of the weld (tolerance between mating members)
were varied from a tight fit tfo a I/16 inch clearance. Procedures and

weld parameters used in preparation of the specimens ére listed in Table
4-3, Eight of the nine specimens were shear tested. All specimens were

sub jected to dye penetrant, radiographic, and visual inspections.
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4,4,2 Test Results

-

The results of inspections and shear testing are listed in Table 4-4. The
results of these tests and additional laboratory study proved the feasi-
bility of welding fittings intfo the dome section by the D.C. TIG process.
Minute porosity, approaching Class | level, was encountered on joints

having variations in fit-up exceeding .030 inch.

4,4.3 Additional Investigation

Shop tests, based on results obtained in the labora*ofy, were conducted with

the Linde Missile Maker set-up for welding on production tooling.

The double fillet weld technique was used to weld | inch, 4 inch, 5 1/2

inch, and 10 inch diameter fittings in O.l13 inch and 0.190 inch domes.

Weld parameters:and machine settings suitable for production were de-
veloped from the shop #ebts{ 1Figure 4-] contains the typical D.C. TIG weld
parameter sequence for welding 4 inch 0.D. fittings to the 0.190 inch

aft dome.
4,4.4 Conclusions

The automatic D.C. TIG process, used in conjunction with the Linde
Missile Maker, is an excellent combination of process and equipment.
The process has been certified and is currently used in Saturn S-1VB pro-

duction fabrication.




TABLE 4-3

I

PROCEDURES AND WELD PARAMETERS FOR
LABORATORY D.C. TIG WELD TESTS*

:
| e | vt | Sero | o | e | o
' S.P.) (VOLTS) (IPM) (IPM)

1 130 14.5 15 65 2 TIGHT
2 130 12.5 15 65 2 TIGHT
3 130 12.0 15 65 ? TIGHT
4 130 11.0 15 65 2 TIGHT
5 130 12.0 15 65 2 TIGHT
6 128 11.5 15 65 : 1 TIGHT
/ 130 12.0 15 65 p 2 .030 INCH
8 130 12.0 15 65 1 .045 INCH
9 130 12.0 15 65 2 .060 INEH

*LIST OF WELDING EQUIPMENT USED:

POWER SOURCE AND CONTROL -
TORCH -

ELECTRODE -

SHIELDING GAS CUP - -
SHIELDING GAS AND FLOW -

WELD POSITION AND JOINT —
FILLER WIRE -

LINDE MISSILE MAKER
LINDE HW-20 (STRAIGHT)

3/32 INCH DIAMETER TUNGSTEN, 2 PER CENT THORIA
NO. 5 CERAMIC (5/16 INCH 1.D.)

HELIUM AT 65 C.F.H.
HORIZONTAL FILLET
1/16 INCH DIAMETER, 4043 ALUMINUM

**TORCH STATIONARY, PART MOVING
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D.C. TIG WELD PARAMETER SEQUENCE

4 INCH 0.D. FITTING TO 0.190 INCH AFT DOME
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. CONEIDENTIRL

4.5 AUTOMATIC D.C. TIG WELDING ALUMINUM BUTT JOINTS

Preliminary data obtained from MIG and TIG producffon process evaluation
(see issue one of this report) indicated several areas of Saturn fabri-
cation suitable for adaption of the D.C. TIG process. A complete investi-
gafion,‘designed o apply the automatic D.C. TIG process to production

welding of aluminum butt-joints, is currently in progress.
4.5.1 Approach

TesT welds are being prepared in 2014-T6 and 6061-T6 aluminum alloys
from 0.030 inch to 0.375 inch Thic&. The current studies are'bé}ng made
to obtain the optimum design for the following paramefersi' P
a. Back-up bar material
b. Groove configuration A
c. Torch angle
d. Electrode diameter ) “i}'

e. Welding tip geometry

Weld tests are being conducted to determine (1) machine settings for all
weld joints, (2) joint fit-up (folerance), and (3) production welding

tooling requirements. A study is also scheduled 1o cetermine the effects

of repair welding on mechanical properties. All mechanical property data

will be obtained from tensile strength tests conducted at room temperature
on both transverse and longitudinal specimens. Results of these studies

will be presented in a later issue of this report.




4.6 INVESTIG/TION CF GAS MIXTURES FOR AUTOMATIC MIG WELDING

tleld studies, performed earlier as part of a Douglas Aircraft Company
funded tesearch.program, indicated that the quality of automatic MIG
(metal-inert gas) welds in 2014-T6 aluminum could be improved through
the use of shielding gases of special composition. Tests are being con-

ducted to determine the feasibility of improving the quality of Saturn

S-1VB production welds with shielding gases of special composition.

4,6.1 Test Program

Using various shielding gas compositions, four single-pass and four multi-
pass auTomaTic:MlG butt welds were prepared in 2014-T6 aluminum plate 3/8
inch thick., Table 4-5 contains a |ist of the gas mixtures used. «ll welds
were evaluated by visual, radiographic, and dye penetrant inspections.

Mechanical tests will be made at a later date.

4,6.2 Test Results
Inspection results are summarized in Table 4-5,
4.6.3 Future Work

Single and multi-pass lap welds @re being prepared using the same material
and gas mixtures as above. Results of inspection, as well as mechanical
tests on both the butt and lep welds, will be presented in a later issue

of this .report. s

CERESRAL .
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4.7 ELECTRON BEAM WELDING COMMON BULKHEAD ”T"'EXTRDSIONS

A test program was conducted during the current report period to determine
the feasibility of joining the '"T" extrusion segments in the common bulk-
head by using the electron beam process. |In addition to increased weld
quality, the electron beam process offers the following advantages over
the manual MIG process now used in production:

a. Full automatic operation

b, A minimum of weld defects and repairs

c. A minimum of distortion and shrinkage

d. More efficient joints and join+ preparation

e. Reduced weld Time

4,7.1 Test Procedure

Mech ined ’Tf bars with cross sections similar to production extrusions,
were prepared from 2014-T6 wrought alumfnum pfafe. Electron beam.welds
were first made on plate to deyelop machine settings for the various
Thicknesses encountered in the '"T" joint. These seftings were Then used
to pfepare butt welds in the machined '"T" bars. Two weld passes were
made in each joint to weld (1) the leg of the "T", and (2) the base of
the '"T". Weld starts and stops were made on end tabs. Two 'T" butt
joint samples were welded, using the optimum settings developed, and
inspected by visual and dye penetrant methods. Tensile tests were made

on specimens machined from various locations within the samples (see

figure 4-2).
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Welds viere made on plate and in butt joints in 2 1/4 inch thick, 2014-T6
aluminum to determine the feasibility of making the 'T" exfrusign vweld in
a single pass. Consistent penefration could not be achieved, however,

with the available electron beam welding equipment; therefore, mechanical

tests were not performed on the specimens.

4.7.2 Test Results .

Dye penetrant inspection of the fwo-pass "T" butt welds gave no indications.
Visual inspection gave the following results for both samples:

a. Slight undercut along surfaces of both passes‘

b. Positive underbead reinforcement, both passes

c. Small void in underbead at juncfion of leg and base

d. Several small voids on top surface of leg where penetration of

beam is lost in second pass.

Tensile test results are listed in Table 4-6. The lowest tensile values

occurred in the root area of the 'T'".




4,7.3 Conclusions

The study indicates that electron beam welding the common bulkhead 'T"
exfrUSions is feasible., Loss of tensile strength in the root area of the
"T'" was due to reqgularly occurring,'small, longitudinal Qoids where tThe
two weld passes tied together. Such voids, are apparently characteristic
where full penetration of the beam Througﬁ the workpiece is not achieved.
Wleld soundness can be obtained with the electron beam process provided a
single pass process can be developed. The present equipment is inadequate
for single-pass welding aluminum of the required thickness. Additional
work, utilizing more powerful equipment, will be done to develop produc-

tion capability of electron beam welding for the Saturn S-|VB.
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TENSILE TEST SPECIMEN DERIVATION

FIGURE 4-2
TABLE 4-§

TENSILE PROPERTIES OF ELECTRON BEAM BUTT WELDS
SPECIMEN FTU (PSI) : ELONGATION IN 2 INCHES

%

| 54,400 1.0

2 50,700 1.5

3 47,600 1.5

4 42,200 1.5

g 30,700 0.5

b 36,700 1.0

! 48,300 1.0

8 50,300 1.0

9 50,200 1.0

10 45,800 1.0

11 59, 100 1.0

Vi 35,400 1.0
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4.8 ELECTRON BEAM WELDING TBF ROUND FLANGE RECEPTACLES

Instal lation of the through-bulkhead feed through (TBF) round flange,
hermetic receptacle requires a welded joint to insure absolute leak
tightness in the Saturn S-1VB. In order to obtain (1) minimum distortion,
(2) minimum heat input, (3) weld soundness, and (4) adequate mechanical
‘sTrengfh,‘s+udies are being made to develop the electron beam welding

process for this purpose.

4.8.1 Preliminary Tests

Preliminary electron beam weld Tests were performed on linear butt welds
in Type 347 stainless steel 1/8 inch thick., The maximum femperature
gradient was measured fransverse to the joint using a'+eﬁperafure sensi-

tive lacquer. Bead on and bead off specimens, prepared frof, these welds,

g
were tested at room tempercture to determine tensile strength.

4.8,2 Results of Preliminary Testing

Figure 4-3 is a graphic representation of the effect of distance from fhe
weld center line on the meximum temperature. Tensile test data are
summarized in Teble 4-7. Specimens with bead off exhibited the greatest

values.
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4.8.3 Future Studies

Additional weld tests are in progress fTo determine the quality of circular
joint welds of receptacle to flange, using dollar plates to simulate the
receptaclie. Efforts are being made to develop satisfactory beam decay

and tie-off conditions. Temperature gradient and distortion measurements
wilf be made during these tests. Upon complefibn‘cf the above phese of
study, @ production prototypec fixture will be constructed for welding
actual sample parts. These welds will be tested for lezkage using helium

gas, Results of future ftesting will be presented in a later issue of this

report.
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TABLE 4-7

3/8

TENSILE PROPERTIES OF TBF RECEPTACLE WELDS

1/2

SPECIMEN® AVE. FTY AVE. FTU ELONGATION,
Y RE (PSI) (PSI) IN 1INCH
(%)
BEAD ON 40,600 88,700 30
BEAD OFF 44,300 * 91,800 35

*15 SPECIMENS OF EACH TYPE WERE TESTED
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4,9 DEVELOPMENT OF FLO:SCLDER METHODS

Preliminary development of flowsolder methods for soldering printed cir-
cuit wiring boards, with particular emphasis on reduction of the formation

of dross, was presented in the last issue of this réporf. Work is con-

“tinuing to develop additions and modifications for the flowsolder machine.

During the current report period, automatic fluxing and cooling systems

were investigated.

4.9.1 Automatic Fluxing

It was postulated that foam fluxing would be the most feasible system fbr
use with the flowsolder machine. A test system was constructed of porous
ceramic stones submerded in liquid flux. Air was forced Thfough the
porous ceramic fto produce a foam wave. The sample wiring board, passed

through the top layer of foam, was coated with a thin, even film of flux.

4,.9.2 Autematic Cooling

The test cooling system, designed fo allow electronic components fo cool
during %he soldering process, consists of a coil submerged in cooling
fiquid (ethy! alcohol plus dry ice) having temperatures from -60°F to
-120°F. An inorganic gas, such as argon or carbon dioxide is passed
through the coil and directed to the region approximafejy 1/2 inch be-
yond the solder wave. The blast of cooled gas EAO”F to éOfF reduces
the temperature of the components immediately following the goldering

process.




4.9.3 Test .Results .

4.9.3.1 Automatic Fluxing

Foaming fluxing unifs using Lonce 5177 rosin base flux (made by London
Chemical Co.) gave good results. Flux application, with foam wave height
held constant, was completely automatic. The film produced was thin

enough for satisfactory drying. The solderability was excellent.

4,9,3,2 Automatic Cooling

Component lead temperatures were recorded both with and without the
cooling system in operation. Figure 4-4 is a graphic representation of
TemperéTures without component cooling. "The effect of The cooling system
on éomponen+ temperatures is shown graphically in figure 4-5. The peak
temperature without component cool}ng was 355°F. The peak temperature

was 330°F with the component cooling system.

4,9.4 Conclusions

Test results indicate fthat the foaming fluxing unit and the component
cooling system wil] improve The quality of soldered printed wiring boards.
The sharp temperature drop shown in figure 4-5 indicates that the cooling
system will greatly reduce the probabilify of component damage fromuheaT

shock.

©N me
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4.9,5 Future Development

Development of the following flowsoldering improvements is planned:
a. Solder blanketing oil
b. 0il blanket recirculating and filtering ‘system

c. Warp retarding board carrier
L]

An evaluation of these developments will be presented in a later issue

of this report.
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4,10 IDENTIFICATION OF MOLDED CABLE ASSEMBLIES

A study was initiated during the last report period to determine methods
of modifying the machine used to imprint identification marking into
Saturn S-1V molded parts, making it suitable for ﬁarking molded parts
of reduced size in the Saturn S-1VB. The work was\comp[efed during the

current report period.

4,10.1 Results

~

The Saturn S-1V stamping machine was modified by (1) reducing the type
size from 3/16 inch to 1/8 inch in height to allow a 33 per cent re-
duction in area and (2) desigping a fixture to permit stamping of the

inclined surface of conical molded parts.
4.10.2 Conclusion

The Saturn S-1V stemping machine has been successfully modified for use

on Saturn S-1VB molded cable assemblies.

m
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4,11 SPRAYER HEAD ASSEMBLY*FOR PROPELLANT TANK, WASH AND'hINSE SYSTEM

An efficient sprayer system for washing and rinsing the interior of the

hydrogen tank is being developed. Earlier studies (see isﬁhe six of this

sy

report) resulted in the determination of power requirementd-and approxi-
mate operating conditions. The sprayer head configuration'is now being

developed.

4.11.1 Additional Progress

Tests were conducted at Turco Products, Inc. to establish the feasibility
of using Two sprayer assemblies mounted on @ rotating bar. Good results
were obtained with this arrangement. Douglas Aircraft Company has now
established tThe optimum sprayer assembly configuration. A complete
sprayer assembly will be constructed and tested at Douglas Aircraft

Company facilities located at Huntington Beach, California.

L)




4.12 FABRICATION TECHNIQUE AND NEW DESIGN FOR BULGE FORMING BAG

Improvements in The rubber-to-fabric bond of the bulge forming bag were
developed during the last report pgriod (see issue one of this report).
During the current report period, a small scale pressure bag was construct-
ed with edge cavities designed to +esf the salt mandrel method of forming

the edge.

4,12.1 Current Progress

The sa[T‘mandrel forming method, although feasible, was found to require
extensive work in order to eliminafé unfavgrable aspects. Refinements,
developed in the over-all bulge forming system, have permitted simplifi-
cation of the bag design. Work with the salt mandrel method, as well as
The use of fabric in the bag construction, have, therefore, been dis-

continued.

4.12.2 New Edge Construction

The design refinements of the bulge forming system have made possible the
development of a simplified edge construction for the bag; eliminating
complicated molded or extruded shapes. A removable, silicone strip is
used to form the inside radius of the edge. The thickness of the edge

is approximately 3/4 inch. . Multiple layers of butyl rubber are used in

the bag fabrication.
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4.12.3 Conclusion

The new fabrication technique and edge design are apparently quite
satisfactory. Experience with the newly designed bag will determine

the necessity and course of future development.




’

4.13 INVESTIGATION OF ALTERNATE CORE TYPES FOR SATURN S-|VB COMMON
BULKHEAD

Leakage of liquid hydrogen through the Saturn S-1V common bulkhead merid-

ian welds could cause hydrogen to be trapped within the honeycomb core material.

4

In anticipation of the possible occurrence of this problem in the Saturn

S-1VB common bulkhead, cores designed to allow a free flow of hydrogen are

being developed.

_4.13.1 Preliminary Work

4.13.1.1 Core Samples

Prel iminary tests were performed to determine the suitability of the

following core types:

a. Vented core: Heat resisfdnf_phenolic (HRP) honeycomb,
3/16 inch cell, | inch thick

b. Crushed core: 3/16 inch cell, HRP core crush-overlap
bonded to thickness of | inch

Cells of the vented core samples were drilled with two rows of 1/16 inch
diameter holes approximately 3/8 inch on centers in each row. Crushed
core samples were prepared by bonding together two pieces of core with a

| /4 inch crushed overlap splice To an over-all thickness of one inch.

4.13,1.2 Initial Results

The crushed core type proved to have an excessively high density to

strength ratio. The density was nearly twice that of the vented core.
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4.14,2 Test Criteria

Criteria for the determination of optimum weld parameters will be based

on visual, radiographic, and dye-penetrant inspections as well as mechanical
testing of welds. Test welds will be made at selected conditions to determine
reproducibility and consistency.

4.14.3 Future Work

The optimum settings developed by laboratory studies will be tested on
full size, simulated production joints using production tooling.
Results obtained from the production weld parameter studies will be

presented in a later issue of this report.




4,14 INVESTIGATION OF MIG PRODUCTION WELD PARAMETERS

In order to improve Saturn production welding operations and upgrade
hardware quality, a program was initiated to determine optimum production
welding parameters. /Acceptable tolerances in weld parameters and optimum

machine settings for production welding are needed.

4,14.1 Test Program

*

Tests will be conducted to establish optimum wgld settings for each of
the following production weld joints:

a. Liquid oxygen tank assembly

b. Forward common bulkhead meridian

c. Aft common bulkhead meridian

d. Forward doﬁe meridian

e, Aft dome rleridian

f. Dollar weld
Tests will be performed to determine optimum weld heat settings including
(1) welding current, (2) arc voltage, and (3) weld speed. Because of
varying material thickness in production weld joints, these parameters will

establish only basic welding conditions.

Additional tests will be conducted at the basic settings developed above
to study the effects of such fixed parameters as (|) torch angle, (2) gas
flow rate, (3) nozzle size, (4) torch-to-work distance, and (5) wire

)

diameter.
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SECTION V

PROTECT IVE PACKAG ING

Work accomplished toward the development
and improvement of protective packaging
procedures for the Saturn S-1VB and associated

items is summarized in this section.




AR TR ST S MU T E

5.1 ENVIRCNMENTAL PROTECTIVE COVERS :

" An environmenta!l cover is required for use as a protective device over
the Saturn S-1VB stage. The cover material must be capable of resisting
abfasion, tension on seams, and varying weather conditions. An inves-
tigation is being made in order to find a suitable material for this

v

purpdse.

5.1« Initial Work

Préliminary work indiéafes +that neoprene coated, two-ply nylon fabric

is the most suitable material for an environmental cover. Three-ply
fabrics are too heavy for this application and one-p[y construction does
not provide the necessary protection. Neoprene coated, Two-ply nylon
fabrics, from E. |. du Pont and from Chemical Rubber Products, were
selected and are being subjected to laboratory tests to determine if the

physical properties of these materials are adequate for the intended

EAAlE. -,
NI

purpose.
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